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Abstract  
Corrugated cardboards have truss structure, so these have advantageous in terms of specific strength, workability, price and 
recycling efficiency. For these properties, corrugated cardboards are used as packing materials. In this research We tried to study 
about the flameretardancy (FR) of a corrugated cardboards using for Poly(vinyl alcohol) (PVA). The coating PVA on the 
cardboard is possible to be recyclable, because PVA has water solubility. Also the reason using PVA is to protect from the 
toxicity of flameretardant, which is used to the cardboards. We studied the FR-PVA for different with decomposition point of FR 
agent. We measured TGA and combustion test of the PVA. In the result, we could get the flameretardancy of PVA. 
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1. Introduction 
Corrugated cardboard was mainly used for packing around 100 years in the aim of sipping materials. However, 
the cardboards have reviewed as material with the evolution of the design technology with IT in late years. 
Meanwhile, the cardboard came to be often used at the shelters at the time of the disaster by East Japan earthquake 
disaster. Refugees is forced to lie on the floors of the gymnasium directly in Japanese shelters, but the serious second 
healthy damage and disaster related death. It is thought that the cardboard are effective means to prevent them. 
Therefore, the cardboard will spread the item of the shelter in future. It needs to add flameretardancy to cots will 
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make medical facilities more safty. It is increases to use for general furnitures, which period of use is anticipated. 
The purpose of this study is to give the effect of flameretardancy even as the recyclability, which is one of the 
representative function of the cardboard. To fulfill this purpose, we are useful for PVA which has water solubility 
and add flameretardant. 
2. Background 
We proceeded this study with the result of combustion test of PVA (Wako chemical Co. Ltd), which weight of 
polymerization degree is about 1500. As mentioned above, PVA is one of the synthetic resin, which has water 
solubility and been used widely around. 
 
Fig. 1. Structure of poly(vinyl alcohol). 
Fig. 2 shows the pyrolysis temperature of PVA that also shows the pyrolysis gas rises from 250 qC to 500 qC. 
According to the report of Yamaguchi et al. [1], the pyrolysates of PVA consist of water 86.0%, acetaldehyde7.0% 
and croton aldehyde 5.6%. Next, we investigated the combusting behavior of PVA. According to the report of 
Nishizawa [2], the combustion speed of the polymer, which is composed of C and O (except Polyacetal and 
Nitrocellulose) is slower than it of the polymer, which is composed of only C and H. Next, the combustion test of 
PVA is shown in Fig. 3. From the result of combustion test, the peak-HRR of PVA was 856.59 W and HHV was 
25.89 kJ under UL-94 vertical flame test. The residue after combustion was 13.66%. In Fig.3, the PVA is more 
combustional than the cellulose. However the combustional speed of the PVA is slower than the cellulose. 
 
Fig. 2. TGA thermogram of PVA. 
 
Fig. 3. HRR curve of PVA and cellulose. 
 
Various kinds of flame retardant have been applied for polymer products such as intumescent materials, nitrogen 
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based flame retardant, phosphorus based flame retardant or fillers [1-8]. Zhoa et al. studied the effect of ammonium 
polyphosphate and layered double hydroxide on flame retardancy of poly(vinyl alcohol) [2]. The mechanism of 
flame retardant was reported in condensed phase mechanism.  
In this study, we used three kind of phosphorus based flameretardants which have different pyrolysis point each 
and Ammonium sulfate (AS). 
3. Experimental 
3.1. Film preparation 
We added 5wt%, 10wt% and 20wt% of TPP, TOP, TBP (DAIHACHI Chemical Industry Co. Ltd.) and AS 
(Wako chemical) into PVA. These materials are mixed by using Labo Plasto Mill (Toyo Seiki Seisaku-sho, Ltd.). 
The mixing temperature of TPP, TOP, and TBP is 220 qC and the mixing temperature of AS is 250 qC. Screw speed 
and mixed time were 10rpm and 15minute, respectively. After that, we molded the films by using hot press machine. 
The molding temperature of TPP, TOP and TBP is 240ć, and set at 260 qC for AS. The thickness of film was about 
0.8 mm. 
3.2. Thermogravimetric analysis (TGA) 
Pyrolysis behavior of flameretardants was measured by using TG/DTA6300 (NII Technology). The temperature 
rising rate is 10qC/min under air atmosphere. 
3.3. Combustion test (UL-94) 
The combusting behavior was tested by using multi-cone calorimeter (Toyo Seiki Seisaku-sho, Ltd.) with vertical 
combustion test (V-test) under the UL-94 standard. The sample size is 130 mm × 13 mm. The ignition time is 10 
seconds. 
4. Results and discussion 
4.1. TGA 
Fig. 4 shows the pyrolysis point of TPP, TOP, and TBP by using TG/DTA6300 (NII Technology) in Fig.4. The 
pyrolysis point of TPP is about 250qC, TOP is about 225qC, TBP is about 130C. Also, the pyrolysis point of 
ammonium sulfate is about 280qC. 
 
 
Fig. 4. TGA thermograms of neat PVA and with flameretardant. 
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4.2. Combustion test 
From the combustion test, all specimens are entirely burnt. Table 1 summarizes the combustion results of each 
flameretardant that could not be rating. Heat release rate (HRR) of TPP is shown in Fig. 5. The HRR peak of all 
concentration of TPP became lower than neat-PVA. It can be noted that the start of the HRR curve of 5%TPP 
became smooth. However, at TPP of 10% and 20% HRR results were similar to neat-PVA. 




Fig. 5. Heat release rate (HRR) of neat PVA and with TPP flameretardant. 
Next, peak-HRR of all concentrations of TBP was lower than it of neat-PVA and the start of HRR curve of all 
concentration of TBP became smooth from Fig.6. 
 
 
Fig. 6. Heat release rate (HRR) of neat PVA and with TBP flameretardant. 
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Fig.7 shows the result of HRR curve of TOP. The peak-HRR of 5%TOP and 10%TOP is higher than neat-PVA 
and the top of the HRR increase exponentially in Fig.8. On the other hand the peak-HRR of 20%TOP is slightly 
decreased compared from neat-PVA. Also the start of the HRR curve became quite low and combusting time of it 
was prolonged compare with others. 
 
 
Fig. 7. Heat release rate (HRR) of neat PVA and with TOP flameretardant. 
Finally, we show the ammonium sulfate the top of the HRR curve of all concentrations became lower than neat-
PVA and the more higher concentration (10% and 20%), the more smoother is shown in Fig.8. The peak-HRR tends 
decrease with concentration rises. Peak-HRR of 5% ammonium sulfate exceeded of neat-PVA. 
 
 
Fig. 8. Heat release rate (HRR) of neat PVA and with ammonium sulfate flameretardant. 
All heat release rates of PVA with flameretardants are illustrated in Fig. 9. 
 
 
Fig. 9. Heat release rate (HRR) of PVA with all flameretardants. 
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5. Conclusions 
In this result, we could not get the V-0 level in the Vertical combustion test, but we could get a better 
flameretardancy than the neat PVA.i From these tests, the peak-HRR of AS, and TBP decreased compared with it of 
neat PVA, but no one passed even V-2 grade. We could recognize the combusting behavior of each flameretardants. 
We select a better flameretardant which match pyrolysis point with PVA in the future. 
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